This paper is the background for a new international formulation for the ion product of water substance (May 1980) 
Introduction
During the Eighth International Conference on the Properties of Steam (Giens, France" September 1974), Working Group III of the International Association for the Properties of Steam (lAPS) was designated to establish representations of particular properties of water substance; One property studied was its ionization behavior for which an international formulation (release) has been issued (May 1980) by lAPS. Appendix 1 gives the release verbatim but with references to tables already included in this paper.
Needs have arisen for a general equation to describe the ionization behavior of water over wide ranges of temperature and pressure. Those concerned with mechanisms of corrosion and the chemistry of steam generators [7, 21] 1 may require accurately calculated values of the ion product of water (Kw)' defined throughout this paper as the molality of hydrogen ion times the molality of hydroxide ion, in the temperature (300-600 0c) and pressure (100-500 bars) ranges of interest. This copyright is assigned to the American Institute of Physics and the American Chemical Society. 0047 -2689/81/020297-10/$04.00 295 temperatures and pressures but with corrections for dissolved salt [44, 45] . Similarly, hydrothermal geochemists are intp.rp.~tp.ll in a fJuantitativp. description of the ionic behavior of water in interpreting behavior of geothermal solutions [1, 18] . To the aqueous electrolyte chemist,quantitative knowledge of Kw provides additional information for interpreting aqueous electrolyte behavior l12J.
Many studies on the ion product of water at saturated vapor pressure have been published over the years. The experimental determinations of Kw at high' temperatures started with the pioneering work of Noyes et a1. [33, 34] and have culminated with many relatively recent studies [2, [8] [9] [10] . 13-15,19,20,26-28, 32,35,36,38,42,45] . Most of those appearing up to the year 1957 have been reviewed and referenced by Harned and Owen [16] . Clever made another review in 1968 [5] . Also, Cobble [6] [15, 24, 26, 27, 32, 45] .
At temperatures above 100°C there are the recent studies at pressures up to 75 bars and 250 °c [42] . In the supercritical region there are studies of Quist to 4000 bars and 800°C by electrical conductance measurements [38] , of Holzapfel and Franck to 100,000 bars and 1000°C by· instantaneous static pressurization [20] , and of Hamann et al. to 133,000 bars and 800°C by explosion techniques [8, 13, 14] . with the most precise values of log K *, for example, those at low temperature (0-100°C). The value of the slope, (0 log K * / () log p:>r=k, appears to change only with temperature, and for neutral salts [39, 46] and water [38] to become essentially independent of temper~ture above 350°C.
The equation presented in this paper follows from the straight line relation from which the slope (k) is obtained. The slope is obtained also from published values of the change in molar volumes upon ionization (il.v) at atmospheric pressure whereby,
where j3 is the coefficient of isothermal compressibility of the solvent at the pressure of interest, R is the gas constant, [38] , 300-800°C, 1000-4000 bars; Holzapfel and Franck [20] , to 1000 "C, 100,000 bars; and Hamann and hnton [13] 
where T is in kelvins. The curve as drawn on figure 5 corresponds to that from eq (2) and its obtained parameters.
With the observed relation,
and the use of eq 
The EquCltion for Log K! and

Comparison with Experiments
The resulting values of log K '! (p! = 1) plotted against 1/(TIK) are shown on figure 6, and we observe that a straight line appears to be approached as the temperature continues to rise. The values shown were fitted to a cubic function of 1/ (T IK) to yield, together with eq (2), the following equation for log K! as a function of temperature and density.
where and values for the parameters are Included also in tahle 2 are comparisons with the values at extremely high pressures [13, 20] which probably have relatively large uncertainties. Nevertheless, the very small differences (0.09-0.32 units) at 45 to 373°C at pressures up to 71,000 bars are remarkable. The relatively large differences (1 to 3 units) in the supercritical region at the highest pressures and temperatures could result from uncertamtIes in estimating conductance, temperature, pressure, or density, from the use of molality rather than activity where Kw approaches a large value, or from applying eq (4) at pressures greatly in exoess of 10,000 h~rs.
The best fit with eq (4) is certainly with the values of 5MB from which parameters A, B, C, and D were chiefly obtained.
Moreover, the 5MB values are considered to be the most accurate. The part of eq (4) which expresses the variation of log K ': (p: = 1) with temperature,
approaches the straight line relation of an elementary Van't Hoff isochoreas~thetemperature becomes very large, but where molar heat capacities are for constant volume and are assumed to be independent of temperature. The ability to extrapolate to high temperatures from accurate values of log K'* (constant density) at low tempera,tures becomes great.
Similarly, the form of eq (2) for k allows the approach to a straight line relation as the temperature rises. Again, the form of eq (2), r:e1ying for the most part on accuracy of values of k at low temperatures, should provide relatively good extrapolation at the high temperatures.
With the above consid'erations, it would' appear that uncertainties in values of log K: calculated by eq (4) are less , than those of experimentally determined values at the high temperatures and pressures. Accordingly, we believe that eq (4) - ., '-. '. " '-, ., ., It seems to be highly significant that plots of log K:
Conclusion
versus 1/(TIK) at constant density produce essentially straight lines ( fig. 6 ), as proposed earlier [11] and observed more recently LIY,3HJ. The present observations again emphasize that much simpler behavior is exhibited for these relations at constant density than at constant pressure.
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